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Abstract  
The way we interact with computers will soon change dramatically. The input 
interfaces are becoming more and more intuitive and one of the latest 
technologies is a touch-screen interface capable of dealing with multiple inputs 
simultaneously.  
 
The purpose of this project was to create a basic application framework for future 
projects dealing with this interface, as well as to create a couple of example 
programs utilizing the framework.  
 
The result is a working application framework, making it easy to create new 
applications for this interface, as well as five different example applications. 
 
This report describes my work and my experiences with this new interface. 
 

Sammanfattning 
Sättet som vi interagerar med datorer kommer snart att förändras drastiskt. 
Styrenheterna blir allt mer intuitiva och en av de senaste teknologierna är en 
tryckkänslig bildskärm som klarar av flera inmatningar samtidigt.  
 
Syftet med detta projekt var att skapa en grund för programutveckling för 
framtida projekt som ska jobba mot detta nya gränssnitt, samt skapa några enkla 
exempelprogram som använder sig av denna grund. 
 
Resultatet är en fungerande bas för programutveckling, som gör det lätt att skapa 
nya applikationer för detta gränssnitt, samt fem olika exempelapplikationer. 
 
Den här rapporten beskriver mitt arbete och mina erfarenheter med det här nya 
gränssnittet. 
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1 Introduction 
This section contains some brief descriptions of the basic principles and tools 
used in this project. 
 

1.1 Goal and Purpose  
The goal of this project was to create an application framework along with some 
proof-of-concept applications to create a base for future projects. The purpose 
was to gather a better understanding of the possibilities and limitations of multi-
touch interfaces and the challenges of creating applications using the technology. 

1.2 Background 

1.2.1 Frustrated Total Internal Reflection 
Frustrated Total Internal Reflection (FTIR) is the most widely spread 
representation of the multi-touch technology today. It is also considered to be 
one of the cheapest [2] setups today. There are occurrences of other methods as 
well, for example [1] and [6], but FTIR seems to be the method that is most 
frequently referred to.  
 
The principles of the technology are quite simple as can be seen in Figure 1. 
Infra Red light is shined into the side of a pane of a somewhat transparent 
higher-index medium (acrylic, glass, plastic) and is trapped inside this medium by 
the refraction index of the material. The light sources in the FTIR-case are a 
number of infra-red diodes attached to the side of the pane. Total Internal 
Reflection occurs when the light ray is traveling inside a higher-index medium 
and strikes a surface boundary into a lower-index medium.  When a finger 
touches the surface of the pane, the light is frustrated, causing it to scatter 
downwards where it is picked up by an IR camera 
 

Figure 1: FTIR basics 
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1.2.2 Multi-Touch using Touchlib 
I used Touchlib [7] to gather inputs from the device. It is a very easy and clean 
multi-touch input library and I had it up and running in no-time. Touchlib provides 
a base class, ITouchListener, which has three virtual methods, namely: 
 
fingerUp() – is called when a finger has been released 
fingerDown()  - is called when a finger is pressed 
fingerUpdate() – is called when a pressed finger is moving 
 
These methods are pretty much self-explanatory. Each of these methods has a 
parameter, a TouchData object, which contains information about the position, 
movement, “pressure” etc related to the finger input. 
 
All that was left for me to do was to inherit from ITouchListener and implement 
those three methods, and voila, I was receiving finger inputs! 

1.2.3 API 
Since I’ve been doing a lot of programming using C++ and DirectX in the past I 
already had a good code base that I wanted to utilize. But since DirectX is only 
supported on Windows and since this project was supposed to be a start for 
future projects I thought it’d be a good idea to use something that is cross 
platform. 
 
This led me to look into SDL [5] which I had heard a lot of good things about. 
Sure enough, it was very easy to work with, a couple of lines and I had a window 
with some sprites up and running. This seemed like a perfect fit, until I found out 
that it doesn’t support hardware rotations. And since I wanted to create a window 
system where each window could be positioned, scaled and rotated this would 
prove to be a devastating limitation. So, I turned my eyes towards OpenGL. 
 
OpenGL is, in my opinion, a perfect API to use for projects of this small size. It 
has a very clean and smooth programming interface and it is very easy to get 
started with. One of the best things about it is that I could use SDL to create the 
application window and take care of system messages, while using pure OpenGL 
for the graphics part. 
 
Besides graphics, I knew that I’d also need an audio API and there really was no 
question about it here. I’ve been using FMOD [3] for an eternity and it is so 
unbelievably easy to work with that I decided to use it for this project as well. 
 
To keep me from reinventing the wheel and to save some time I also decided to 
use a texture loading library, named DevIL [4]. The reason I chose DevIL is 
because it integrates very nicely with OpenGL and has a similar syntax. 
 



3 

1.2.4 Multiple inputs with multiple users 
The biggest problem with this kind of interface is that the finger inputs can easily 
become quite a mess. Imagine having several inputs from several users, all 
happening at the same time, with no way of determining who is pressing where. 
 
Another challenge was that everything was going to happen on the same screen, 
which meant that every user could see what every other user was doing. 
Therefore I had to exclude some of the game ideas I had at the beginning, such 
as a real-time strategy game. However, the framework does in no way restrict the 
user from creating such a game and by either implementing network support, or 
finding another solution, the problem with every user seeing the entire playing 
field can be solved 
 
It proved to be quite hard to find an optimal solution, it’s very easy to get stuck in 
the “one input only” set of mind, since that’s what I’ve been using all my life.  
 

1.3 Abbreviations and Terms 
API – Application Programming Interface 
SDL – Simple Directmedia Layer 
OpenGL – A graphics API 
DevIL – A texture loading API 
FMOD – An audio API 
Touchlib – A library for finger inputs
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2 Methods - Design 
This section contains the design of the framework and the five example 
applications. 
 
The general flow of the finger inputs is shown in Figure 2. 

 
Figure 2: General input flow 
 
Everything starts with an input happening on the screen, someone pressing 
down a finger or similar. This is picked up by Touchlib who alerts each of its 
listeners that a finger down event has occurred. Since the main application is 
such a listener it receives the event and passes it on to the window manager.  
 
The window manager checks if the event should be handled by itself (i.e. if the 
input moves, scales or rotates a window) or if it should be passed on to an 
application. If it should be passed on, the window manager converts the input to 
local coordinates of the wanted application and sends them along. The 
application receives the info in local coordinates and from there decides what to 
do with them.
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2.1 Framework 
The framework consists of several parts that I will discuss below. Basically, it is 
made up of window and application managers and several helper classes to 
ease the creation of applications. Figure 3 shows the important classes with 
regards to the window and application part of the framework. 

Figure 3: Classes used for application and window management 

2.1.1 Subsystems 

2.1.1.1 Application 
The Application class is the main class of the framework. It keeps track of base 
applications, acts as the direct link to Touchlib and initializes the libraries (SDL, 
OpenGL, FMOD and DevIL). 

2.1.1.2 Windows 
The window management contains two classes: 
 
Window - A window is basically a rectangle on which the applications can draw 
to. It contains position, scale, rotation, border etcetera.  
 
Window Manager - The window manager handles windows, keeps track of 
which windows are in focus, draws the windows to screen and handles window 
input and sorting. The window manager is responsible for detecting when a 
window should be moved, sized or rotated by analyzing the input events. 
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2.1.1.4 IBaseApplication 
IBaseApplication is the base class that every application should derive from. It 
contains virtual methods for initialization, deinitialization, rendering, updating and 
event listeners (both system specific SDL events and Touchlib finger events). It 
also has a pointer to a window object to enable rendering to the window device. 

2.1.1.5 Timer 
The Timer class is a simple high resolution timer that is used to receive info 
about the running time of the application, as well as calculating frames per 
second and seconds per frame. 

2.1.1.6 Texture 
The Texture class is used as a helper class to ease the loading of textures. It 
uses DevIL which enables it to load a lot of different image file formats. It 
contains methods to receive the specific OpenGL texture identification as well as 
the width and height of the texture. 

2.1.1.7 Sprite 
The Sprite class is an extension to the texture class and supports animation. It is 
used to easily draw textured 2D objects.  

2.1.1.8 Particles  
The particle subsystem consists of four classes: 
 
Particle – basic particle object with several variables such as energy, position, 
velocity, color etc  
 
ParticleSystem – contains a collection of particles and handles the spawning, 
updating and killing of particles 
 
ParticleSystemProperties – contains variables with information about how the 
particle system should behave, such as position, velocity, acceleration, color, 
lifetime etc 
 
ParticleManager – contains a collection of particle systems and handles the 
spawning, updating and killing of particle systems. 
 
The user will probably only be involved with the ParticleSystemProperties and 
ParticleManager classes. To spawn a particle system, all that is needed is a 
ParticleSystemProperties object and a texture to use for the particles.  
 
After the particle system has been spawned, the user can forget about it since it 
will be automatically updated and destroyed by the particle manager. This makes 
it a very easy to use particle system. Figure 4 shows the hierarchy of the particle 
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classes.

 
Figure 4: The particle subsystem 

2.1.1.9 Math 
The math library consists of matrix and vector classes, as well as several helper 
functions for commonly used calculations.  

2.1.1.10 Font 
The Font class is used to print text information to screen. Every font needs an 
associated image file and character map. The image file consists of each 
character that should be included in the font, organized in a grid. The character 
map is used to retrieve information about each character’s position in the image. 
So, the character at position 4 in the character map can be found at tile 4 in the 
image file’s grid. By doing it this way, it allows for easy creation of specialized 
and stylized fonts that doesn’t need every possible character. Figure 5 shows an 
example of an image file with its corresponding character map. 
 

 
Figure 5: Example of a font image with its corresponding character map 
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2.1.1.11 Config 
The config class is used to read data from file, in this format: 
 
<name>: “<data>”  
 
The user is then able to read the <data> corresponding to <name> by using one 
of the methods ReadInt(name), ReadFloat(name), ReadBool(name), 
ReadString(name) or ReadVector3(name).  
 
Example: 
In a text file: 
PlayerName: “Mikael” 
PlayerHealth: “100” 
 
In pseudo code: 
Config.Load(“textfile.txt”); 
Config.ReadString(“PlayerName”); // Would return “Mikael” 
Config.ReadInt(“PlayerHealth”); // Would return “100” 

2.1.1.12 Audio 
The audio subsystem is heavily based upon FMOD and consists of two classes: 
 
Sound – This is the basic object used for every sound file, regardless of file 
format. It contains pointers to FMOD objects that handle the sound and channel 
data.  
 
AudioManager – Handles initialization and deinitialization of FMOD. It is also 
responsible for loading and playing sounds. 

2.2 Pong 
This was the first application that I did. It is a simple version of Pong, featuring 
one red and one green paddle. The paddles are moved by pressing a finger over 
one of the paddles and dragging it along. The aim is to make the ball go beyond 
the opposing player’s edge of the screen. Every time the ball hits one of the 
paddles its speed is increased by a certain amount, making it more and more 
difficult until one of the players finally has to give in. The player that first reaches 
10 goals is the winner. 

2.3 WallPong 
WallPong is a variation of Pong, where the difference is that there are no 
paddles. Instead, both players can construct walls on their side of the playing 
field. The walls are built by connecting every pair of finger inputs and building a 
wall between them. The walls act like temporary pong paddles that can be 
moved around and rotated in any way the player wishes. When the player 
releases her fingers the walls are removed. 
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2.4 FourInARow 
This is a simple 4-in-a-row type of game; the only twist is that it is made for four 
people. The player presses a finger on an open square to place his marker there. 
The first player with four markers in a row (horizontally, vertically or diagonally) is 
the winner.  
 
This was supposed to use a gesture recognition technique created by two of the 
guys who worked with the FTIR technology with me, but since they didn’t have it 
finished in time it was never implemented. The idea was that the player needed 
to draw the shape of her marker inside a square to place it there, instead of just 
poking. This might be implemented in the future. 

2.5 Collectibugs 
Collectibugs is made to be played by four people at the same time. The game 
consists of four different bug species, each with their own distinctive look and 
color. The bugs wander aimlessly around the screen; each bug behaves a bit 
different from the next. Each player selects her color/species that she wants to 
collect. It is then up to each player to try to collect bugs of their selected species 
by drawing selection lines around the bugs. The line specifies a selection area 
that is checked for bugs.  
 
To be a successful selection, only one type of species may be found inside of the 
selected area, otherwise it is unsuccessful and nothing happens. On the event of 
a successful selection, the collected bugs are merged into one larger bug that 
keeps wandering on. The game ends when there is only one bug left in either of 
the species. 

2.5.1 Bug 
Each bug has variables for which species it belongs to, color, position, a size 
(radius), direction and speed. They also have the option to be textured. The bugs 
should wander around so they needed some kind of steering behavior. I looked 
into different methods but most of them were overkill for the scope of this 
application. So I came up with my own, very simple method, which is described 
further under Implementation. 

2.5.2 Selection 
A selection is created when a pressed finger event occurs. Every finger update 
that occurs after that will add a point into the selection polygon with the updated 
finger position. When the finger is released the selection connects every point 
into a line, creating a selection polygon. It is then possible for the application to 
query the selection object if a given point is inside the selection area or not. So 
the application should check each remaining bug if it has been selected or not, 
and then examine the selected bugs to see if only one kind of species was 
selected and from there take appropriate action. 
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2.6 PokeHero 
PokeHero is based on the popular console game Guitar Hero. The player is 
faced with a fret board with incoming notes, each note representing a button (or 
in this case an area on the screen). It is then up to the player to press the correct 
buttons in time with the music.  
 
There are three types of note events: 
 
Single note – Only one button needs to be pressed to hit the note 
Chord note – Every button in the chord (2-5 buttons) needs to be pressed to hit 
the note 
Duration notes – These can appear as both single notes and as chord notes. 
They have a duration which means that the player needs to keep the correct 
buttons pressed during the entire duration. 
 
For every correctly played note event the player is awarded 100 points for every 
button in the event. Duration notes are awarded with 100 points per duration 
second. For example, a single note is worth 100 points, a chord note with two 
buttons is worth 2*100 points and a successful duration chord note with three 
buttons during two seconds is worth 3*100 + 100*2. 
 
If the player fails to hit a note event she will not receive any points and the 
volume of the guitar will be lowered to create a feeling that the player is in 
command of the music. Similarly, if a note is successfully hit the guitar will be put 
back at maximum volume. 
 
If the player does well there should also be some visual results. The way I did it 
was to lighten the background in beat with the music. The better the player is 
doing the background will be lit lighter and lighter enhancing the effect. If the 
player plays really well she will be awarded with a particle shower of flying notes 
that are being spawned in beat with the music. 

2.6.1 Board 
The fret board functions as the main area of the game. It is divided into five 
lanes, one lane for each button. The board is using a scrollable texture to make it 
seem like the player is moving into the screen. The board class is also 
responsible for drawing the “beat markers”, the white lines representing each 
beat in the song. 

2.6.2 Button 
A simple class, the button’s main task is to keep track of whether it is currently 
being pressed or not. It is also used to show the player where to put her fingers 
on the screen to press the buttons. 
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2.6.3 NoteEvent 
Every note, regardless of type (see above), is an instance of the note event 
class. It contains info about when it should be played, the buttons of the event, 
the duration of the note and if it has been played or not. Everything except if it 
has been played or not is read from file. 

2.6.4 File format 
The file format is very simple and straight forward. Every song in PokeHero 
needs one MP3 file that contains the background music (the part of the song that 
will be played at the same volume all the time, basically everything the player 
doesn’t play), one MP3 file that contains the part of the song that the player 
should play (often the guitar or lead part) and one song info file containing info 
about the song and the notes. The info file looks like this: 
 
Song information file format: 
<name of the song> 
<relative path to the background music> 
<relative path to the guitar/lead music> 
<the song’s number of beats per minute> 
a list of note events: 
<time of note event, duration of note event, which 
buttons/notes the note event contains> 
 
Example: 
Smoke on the water 
Data/Smoke_on_the_water_background.mp3 
Data/Smoke_on_the_water_guitar.mp3 
120 
10.0 2.0 1 4 
12.0 2.0 2 3 1 
…
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3 Methods - Implementation 
This part will discuss the implementation of some of the most interesting parts of 
the framework and the applications. It will not discuss the implementation of 
topics that aren’t vital for this project. For example, it feels kind of meaningless to 
discuss the implementation of Pong in this report. Everything discussed here was 
coded from scratch by me, using C++ and the libraries mentioned above in 
Introduction. 

3.1 Framework 

3.1.1 Applications and Windows 

3.1.1.1 Main Application 
The main application has got a list of pointers to IBaseApplication objects. 
When a new application should be added, a call is made to the main application’s 
method AddApplication(IBaseApplication*). When this method is 
called, the main application registers and adds the pointer to the list and then 
calls the base application’s OnInitialize()method to initialize the application. 
When a base application is added it is automatically assigned its own window. 
Base applications can be manually removed by using RemoveApplication() 
or automatically removed when the program exits.  
 
The main application has got a method called DoFrame() that needs to be 
called once per frame. The method is responsible for handling everything that 
needs to be done on a per-frame basis. It takes care of updating Touchlib, 
checking for new SDL events, updating the timer, calling every registered base 
application’s update and render functions and finally tells the window manager to 
draw everything to screen. 
 
In pseudo code this would look something like: 
Timer.Update() 
TouchLib.Update() 
If(An event has occurred) 
Send the event to the base application that currently has 
focus 

Foreach(IBaseApplication in IBaseApplicationList) 
IBaseApplication.Update() 

Foreach(IBaseApplication in IBaseApplicationList) 
IBaseApplication.Render() 

WindowManager.Render() 
 
Since the main application is the only class listening to finger input data, it will 
also be the first class to receive it. When input is received, the main application 
passes it on to the window manager. The window manager reports if the input 
was handled or not, and if it should be sent to one of the base applications. If the 
input should be sent to one of the base applications, the input is first converted 
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into local base application coordinates (ranging from 0, 0 bottom left corner to 1, 
1 top right corner) before it is passed on. This conversion makes it very easy to 
use the coordinates in every base application, since they will always stay 
consistent no matter how the application’s window is positioned and oriented. 

3.1.1.2 Base Applications 
Every base application derives from the abstract class IBaseApplication. It 
contains some pure virtual methods that need to be implemented in the derived 
class. The names of the methods are pretty much self-explanatory. 
 
virtual bool OnInitialize()  
virtual void OnDeinitialize() 
virtual void OnReset() 
virtual void OnUpdate(float inFrameTime) 
virtual void OnDraw() 
virtual void OnEvent(SDL_Event &inEvent) 
virtual void OnFingerDown(TouchData inData) 
virtual void OnFingerUp(TouchData inData) 
virtual void OnFingerUpdate(TouchData inData) 
 
Each of these methods is called from the main application when appropriate (if 
the base application has been registered to the main application). It is up to the 
derived base application to do something meaningful with them. 
 
IBaseApplication also contains a pointer to a Window object, which is used 
as its rendering target. 

3.1.1.3 Window 
The window is basically a render texture that every base application can render 
to. I used OpenGL’s frame buffer objects as my render-to-texture 
implementation. It proved to be very easy to setup. The width and height of the 
render texture can be changed in the config file. 
 
The window class contains two main functions, EnableRendering() and 
DisableRendering(). The names pretty much says it all, every base 
application needs to call its window’s EnableRendering() to bind the frame 
buffer that it should render to. When the application is done rendering it should 
call DisableRendering() to unbind the frame buffer. 
 
The window class also contains helper methods to convert 2D coordinates 
between global and local space as well as to check if a point is inside the window 
area. 

3.1.1.4 Window Manager 
The window manager has a list of Window pointers. Windows are added through 
the AddWindow(Title, RenderTextureWidth, RenderTextureHeight) 
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method. There is also a corresponding DeleteWindow() method to manually 
delete a specific window. 
 
The window manager keeps track of which window that is currently in focus. 
Every time the window manager receives a finger down event and the input is 
positioned on top of a window, it checks if that window currently has focus or not. 
If not, it arranges the touched window to the start of the list. 
 
Since the windows are rendered using alpha blending it is important that they are 
rendered in the correct order, otherwise there will be flaws in the image. Since 
the windows are ordered front to back in the list, all that is needed is to iterate 
through the list of Window pointers in reverse. The windows are rendered as 
simple quads, textured with its corresponding render texture (that the base 
application has previously rendered to). 
 
Every window has got an input border that is used to check if the incoming input 
should be used to position, scale or rotate the window or if it should be passed 
on to the window’s application. When an input occurs, every window is checked 
to see if the input is on top of the window’s border. If it is, further investigations 
needs to be done to see what kind of gesture it could be (move, scale or rotate).  
 
This was supposed to be done by integrating a gesture library developed by two 
other students also working on this FTIR project. However, the gesture library 
was not done on time and I’ve had no chance to integrate it yet. It was 
temporarily solved by letting the top edge represent movement, the left edge 
represent scale and the right edge represent rotation. 

3.1.2 Subsystems 

3.1.2.1 Font 
The Font class uses an image file and a character map to create the graphical 
representation of characters. The character map works like a lookup key, telling 
the font class where on the image it can find a specific character. The image file 
contains every character that the user wants to be able to use, organized into a 
grid. The Font class needs to know the size of each tile in the grid to be able to 
calculate the coordinates of each character. 
 
Besides loading and unloading fonts of fonts, the Font class also contains one 
interesting function, Print(Position, Size, Options, Text). This method 
handles the drawing of text to screen and supports left, center and right aligned 
text.  
 
Since the image is organized into a grid it is easy to extract the correct 
coordinates for any given character. Since the size of the image is known 
(through the Texture class) as well as the size of each character in the image 
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and the position of each character in the character map, the texture coordinates 
can be calculated like this: 
 
TextureCoord.X = (CharacterMapPosition % NumCharsX) * CharWidth 
TextureCoord.Y = (CharacterMapPosition / NumCharsX) * CharHeight 
 
All that is left to do is to build a quad for each character and draw it to screen. It 
is not the fastest solution but it is very easy to use and works very well for a 
project of this size. 

3.1.2.2 Particles 
The particles are rendered using OpenGL’s point sprite extension. This has the 
benefit that only one vertex needs to be sent to the graphics card for every 
particle, instead of a whole quad (four vertices). 
 
The ParticleSystem class contains a list of pointers to Particle objects, a 
ParticleSystemProperties object that holds information about how the 
particles are supposed to be spawned and some variables that decide how the 
particle system should behave. On initialization, every particle is initialized and 
made ready to be spawned. The memory is allocated once at initialization and 
particles are reused instead of being deleted and reallocated. This improves 
performance since new memory allocations don’t have to be performed as often. 
 
On every frame, each particle is updated and rendered. A particle updates its 
position (using velocity and acceleration), color (by linearly interpolating between 
start and end color), size (by linearly interpolating between start and end size) as 
well as its energy (decreases over time). The energy of a particle is basically the 
amount of time that it will be alive, in seconds. When the energy reaches zero, 
the particle is flagged as dead and can be used to respawn a new particle. 
 
In the update method, the particle system keeps track of how many particles it 
has left. When no particles are left alive it reports itself as being “dead” and can 
safely be removed by a ParticleManager object. 
 
The ParticleManager object acts as the main interface for dealing with 
particle systems. All it does is keeping track of active ParticleSystem objects 
and updates and renders them accordingly. To create a particle effect, all that 
needs to be done is to call the particle manager’s method 
SpawnParticleSystem(ParticleSystemProperties, Texture) with an 
appropriate ParticleSystemProperties object and a texture to be used for 
the particles. The rest is done by the ParticleManager object. During its 
update method, the particle manager updates each active particle system and 
checks to see if it is alive. If the particle system is reported as being dead, it is 
removed from the list. 
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This makes it easy for the user, since she only needs to be concerned with the 
SpawnParticleSystem() method, and making sure to call the particle 
manager’s update and render functions once every frame. There is no need to 
manually keep track of active particle systems.  
 
The particle manager’s update method would look something like this in pseudo 
code: 
 
Foreach(ParticleSystem in ParticleSystemList) 
ParticleSystem.Update() 
If(ParticleSystem.IsDead()) 
Remove ParticleSystem from ParticleSystemList 

3.2 Collectibugs 
The interesting part of Collectibugs is probably the selection. I used a method 
called the crossing number algorithm. To test if a point is inside a polygon I test 
how many times a straight line, starting from the point and moving on the positive 
x-axis, intersects with the lines of the polygon. If the number of intersections is 
odd then it is inside, if it is even it is outside. 
 
In pseudo code, this would look like: 
 
NumberOfIntersections = 0 
Foreach( line segment in the selection polygon ) 
If(the line segment has one point above the test point and 
one point below) 
If(the line segment has both points to the right of the 
test point) 
Treat it as an intersection 
NumberOfIntersections += 1 

Else if(the line segment has one point to the left of the 
test point and one to the right) 
Perform a line intersection test to determine if it is 
an intersection 
If successful 
NumberOfIntersections += 1 

Else there is no intersection 
 
If(NumberOfIntersections is an odd number) 
Return that the point is inside 

Else 
Return that the point is outside 
 

One way to check if the number of intersections is odd is to use the modulus 
operator. This is kind of expensive though so I came up with another idea. Since 
the number of intersections is represented with an integer I just have to check if 
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the first bit of that integer is 1, otherwise it can’t be an odd number. So, instead of 
doing a modulus I just have to do a bit-wise AND, which is many times faster. 

3.3 PokeHero 
When doing anything involving interaction with music, it is very important that the 
timing is correct at all times. I had some trouble with this in the beginning which 
occurred because of problems with floating point precision and the precision of 
my timer. It would work for a minute or so but then it would start to lose the beat. 
 
Thankfully, FMOD provides a function that can get the song’s current position in 
milliseconds. So what I’m doing now is that instead of updating the song time 
using my timer object, I retrieve the absolute position of the song from FMOD 
and use that directly. This method works very well and it stays perfectly in sync 
with the 5 minute songs that I’ve tested. 
 
The note events are loaded from the text file and stored in a sorted list (with the 
note event that occurs first at the start of the list and the last note event at the 
end of the list).  
 
When the song is started the fret board will start animating and the song time will 
increase. Every frame, I check if it is time for a new note to enter the fret board 
by comparing the song time to the time of the note event. If it is within a certain 
threshold (something that I call “visible time”, the amount of time the player 
should see into the future) then the note will be rendered. 
 
I also check if there are any note events that have left the board, i.e. if their time 
is up. If there are, I check if the note events have been played or not and take 
appropriate action. 
 
Upon receiving a finger down event it is checked if it is on a button or not. If it is, 
it checks that button for an active note. An active note is a note that is playable, 
which means that the current song time has to be between the note events time 
and a user defined amount of time. This means that the player has got a certain 
amount of time (an error time frame) to hit any active notes. Increasing that time 
frame will make the game easier and vice versa. Deciding an appropriate error 
time frame is somewhat of a balance issue. I used a quarter beat and it seems to 
work fine. The good thing is that it scales with any music type since it is 
dependant on the beats per minute of the music.
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4 Results and Future Work 
I managed to implement a working framework for application and window 
management. The windows can be freely positioned, sized and rotated. It is 
straightforward to create new applications by using the framework and there is no 
added restriction on what the application can or can’t do. This means that pretty 
much everything that is doable for a normal application can be done using this 
application framework. 
 
I also created a couple of helper classes to ease the creation of game 
applications. In short, these are: 
 
Timer – Used to track time 
Texture – Used to load and bind various image file formats 
Sprite – Used to create and draw textured two-dimensional objects 
Particles – Used to spawn and manage particles 
Math – Contains classes for matrices and vectors 
Font – Used to draw text to the screen 
Config – Used to read data from text files 
Audio – Used to load and play various sound file formats 
 
Future work includes integrating a gesture library into the framework. There is 
also a huge need for a good graphical user interface, with menus and buttons 
suited for interaction by using hands and fingers.
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5 Discussion 
I’m satisfied with my work flow overall. I managed my time well and I never had 
to worry about where the project was heading. 
 
I can’t stop feeling that the time frame was a bit short. Not that I didn’t have 
enough time to complete the task but more that I’d really like to continue working 
with and improving the framework and I know of a lot of cool games that are still 
waiting to be made. I want to see where this technology might take us in the 
future. 
 
Unfortunately we never had the time to integrate the gesture library, done by my 
co-workers on the project, with this application framework during the project 
timeline. It would probably have worked better if everyone started working with 
the gesture library first and then moved on to create a framework using it. A good 
input library is definitely what this technology needs because, as I said earlier, it 
is very easy for the inputs to become an unorganized mess. 
 
Without using a good input library and mainly no graphical user interface (GUI), 
this application framework becomes quite tricky for the end user to work with. It is 
kind of awkward to move, size and rotate windows right now. So if I was to 
continue my work, the first thing I’d do is to create a solid GUI that is suited for 
this kind of interface.
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